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BJATIONAL A D V I S O R Y  COIvLMITTEE F O R  A13RONATJTICS 

C O N F I D E N T I A L  RUILLBTIN 
- 

EFFECTS OF TRAILIPTG-EDGE M O D I F I C A T I O N S  ON 

PITCH1 >TG-MOI\IIE NT CIIARACTER IST  I C s  

OF A I R F O I L S  

By  Paul E .  Purser and Harold S. Johnson 

The a v a i l a b l e  d a t a  on the  e f f e c t s  of t r a i l i ng -edge  
mod-ifications on the  pitching-moment c h a r a c t e r i s t i c s  of 
a i r f o i l s  have been c o l l e c t e d  and b r i e f l y  analyzed. With 
t h e  cont ro l - sur face  gap sealed,  t he  l o c a t i o n  o f  t h e  a i r -  
f o i l  aerodynamic centar  moved forward as the  included 
angle  between t h e  upper and lower sur faces  of  t he  a i r f o i l  
a t  t h e  t r a i l i n g  edge was increased and 8s t he  a i r f o i l  
th ickness  a t  @.9 chord was increased. The v a r i a t i o n  of 
pitching-moment c o e f f i c i e n t  with cont ro l - sur face  d e f l e c -  
t i o n ,  at constant  l i f t  coe f f i c i en t  with gap sealed,  
decreased as  the  t ra i l fng-edge  angle was increased but  
t he  e f f e c t s  of t h e  a i r f o f l  thickness  near t he  t r a i l i n g  
edge could not  be determined because of' i n s u f f i c i e n t  da t a .  

The a d d i t i o n  of roughness t o  the  a i r f o i l  l ead ing  
edge appeared t o  i n t e n s i f y  the  tendency of t r a i l i ng -edge  
modiffcat ions t o  move the aerodynamic center .  
i n  Eiepolds  number wi th in  t h e  t e s t  range d i d  not appear 
t o  change t h e  e f f e c t s  of t ra i l ing-edge  modif icatfons on 
t h e  pftchinrg-moment c h a r a c t e r i s t i c s .  No attempt was made 
t o  determine the  e f f e c t s  of unsealed cont ro l - sur face  gaps 
on t h e  pitching-monent c h a r a c t e r i s t i c s  because of t h e  
s c a r c i t y  and incons is tency  of the d a t a .  

Changes 

I hTR ODUCT I OBT 

Recent unpublished t e s t s  o f  a complete model i n  t h e  
LXIAL 7- by 10-foot t unne l  showed t h a t  t he  l o c a t i o n  of t he  
wing aerodynamic center  was approximately 5 percent of  
t h e  wing chord ahead of the loca t ion  computed from l a rge-  
s c a l e  t e s t s  of t he  a i r f o i l  s ec t ions .  'flhen an attempt was 
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made t o  f i n d  the  cauee of t h e  discrepancy, it was noted 
t h a t  the t r a i l i n g  edge of t h s  xing had been modified from 
t h e  bas i c  cusped contour t o  a s l i g h t l y  bulged contour and 
t h a t  no account had been taken o f  t h i s  change i n  computing 
t h e  aerodynamic-cznter l o c a t i o n  f o r  t h e  model wing. Some 
of t h e  ava i l ab le  d a t a  indicated. t h a t  about one half of 
t h e  d i f f e rence  i n  aerodynamic-center l o c a t i o n  could be 
a t t r i b u t e d  t o  t h i s  t r a i l l n g - z d g s  modif icat lon.  

?revlous i n v e s t i g s t i o n s  and analyses  of d a t a  on 
t r a i l i ng -edge  xod i f i ca t ions  ( r e fe rences  1 t o  6 )  have been 
concerned. p r i m m i l y  w i t h  hinge-moment c h a r a c t e r i s t i c s  of 
c o n t r o l  surfaces .  The present  paper i s  an attempt t o  
extend the previous work t o  include the  a i r f o i l  p i tch ing-  
monent c h a r a c t e r i s t r e e .  It was ti1ouph.t advisable  t o  
include a t  t h e  sa2e time an a n a l y s i s  of t he  e f f e c t  of 
t ra i l ing-edge  n o d i f i c a t i o n s  on the  v t i r i a t ion  of p i tch ing-  
moment c o e f f i c i e n t  with control-surface d e f l e c t i o n  f o r  
poss ib le  a p p l i c a t i o n  t o  wing-twist problems i n  l a t e r a l  
c o n t r o l  a t  high speeds. 
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SYMBOLS * 

s e c t i o n  l i f t  c o e f f i c i e n t  

s e c t i o n  pitching-monent c o e f f i c i e n t  about a i r f o i l  
quarter-chord poin t  

zngle of  a t t a c k ,  degrees  \ 

control-surface d e f l e c t i o n  r e l a t i v e  t o  a i r f o i l  
chord l i n e ,  degrees  

a i r f o i l  chord 

control-surface chord back o f  hinge l i n e  

t r a i l i ng -edge  angle;  that i s ,  included angle 
between upper and lower surfaces  a t  trailing 
edge of a i r f o i l  o r  c o n t r o l  su r f ace ,  degrees 

th ickness  of the a i r f o i l  s e c t i o n  a t  0.9 chord 

wing-t i p  h e l i x  angle ,  r ad ians  

u Ed 
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P r a t e  of roll 

b wing span 

Re e f f e c t i v e  Reynolds nunber ( y  x Turbulence 

q dynamic pressure 

V vel.ocity of a i r s t r eam 

F mass density of a i r  

!J, c o e f f i c i e n t  of v i s c o s i t y  o f  a i r  

where subsc r ip t s  ou t s ide  parenthe se s 
i n d l c a t e  f a c t o r s  helC constant  
during measurement o f  parameters 

CZ 
'rn 
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increment of t ra i l ing-edge  nngle, where angle of  
t rue-contour  surface fs used as base 

Ag 

increment o f  a i r f o i l  thickness  a t  0.9 chord, 
where true-contour surface i s  used as base Ato.9c 

\ 

i 1 

increments of s lopes of pftchfng-moment curves,  
where d a t a  f o r  true-contour sur face  i s  used 

. .  a s  base 

AVAILABLE DATA 

All t h e  d a t a  used i n  the present a n a l y s i s  cons i s t  
of measurenients of s e c t i o n  c h a r a c t e r i s t i c s  ( i n f i n i t e  
aspec t  r a t i o )  and vere  obtained from r e fe rences  1 t o  5 
and unpublished data from Langley ?:enorfa1 AeronaiJtical 

1 LabOrrtoqr and Ames Aeronautichl Laboratory. The p r in -  
c i p a l  geometric c h a r a c t e r i s t i c s  and t e s t  condi t ions  f o r  
the var ious  models l e  I .  The s lopes  o f  

ED 
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t h e  pftching-moment curves were measured a t  an  angle of 
a t t a c k  o f  O0 and w i t h  the conLro1 surface n e u t r a l .  The 
s l o p s  arc api3iicable over ranges of a and 6 of 
approx imte ly  k5° a rd  *lo0, r e s p e c t i v e l y .  

DISCUSSIGN 

F r e v i o u s  ana lys i s  of the  o f f s c t  of t r a i l i ng -edge  
modif icat ion on cont ro l - sur face  hinge moments ( r e fe rence  6 )  
ind ica ted  t h a t  t he  t r a i l i ng -edge  angle vias a coavenient 
b a s t s  f o r  corTelat ion of t h e  da t a .  The present  a n a l y s i s ,  
altliouzh made on the  saxe b a s i s ,  ind ica ted  t h a t  when t h e  
t ra i l inq-edge  m g l e  vms used a s  a narane ter  a cons i s t en t  
v a r i a t i o n  i n  the  l o c a t i o n  of t h e  airfoil aerodynamic 
center  a f t h  champs f n  a i r f o i l  t h i c k m s s  near t he  t r a i l i n g  
edge s t i l l  occmred;  accordfngly,  the  th ickness  a t  t h e  
0.q-chorri s t a t i o n  vas a rb i t r a i a i ly  chosen a s  an a d d i t i o n a l  
pararue t e r  . 

LocLt ion of the ai:-foil  --__-.I__--- asrodyriamic c e n t e r .  - The 
e f f e c t  o f  trailinR-ed,qs modif icat ions on t h e  l o c a t i o n  of 
t h e  aerodymmic cGnter with re ference  t o  t he  qua r t e r -  
chorfi point and expresssd i n  t c r m s  o f  t he  slope o f  t he  
pitchln&-moment curve ( ~ C ~ ? ) C ~ ) ~  is shown i n  f i g u r e  1, 
which vms. der-ived -from CPOSS p l o t s  of the  data of r e f e r -  
ences 1 t o  5 and of unpublished da ta .  The va lues  i n  
this f igure  a r e  presented as increnients based on the 
cha reckc r i s t i c s  of the  normal a i r f o i l  p r o f i l e .  A s  t h e  
included zngle between t h e  upper anu lovrer su r faces  of 
t h e  airioil a t  the t r a i l i n g  edge i s  increased,  and as 
the  thfcltness a t  0 . 9 ~  i s  increased ,  t h e  aerodTpamfc center  
moves forward. 

A coqmrLson of the  measured values of Ac, w i t h  
CZ 

t h e  c o n p t e d  values determined froii1 f i g u r e  1 i s  px-esented 
i n  f i g u r e  2. 
( t h r e e  sgmbols w i t h  downward f l a g s )  appears t o  i n t e n s i f y  
t h e  tendcncy of the t r a i l i n g - e d g e  modif icat ions t o  move 
t h e  aerodynamic conter .  Ffg-me 2 n l s o  i n d i c a t e s  t h a t  
chances i n  lit?ynolds nurnbcr (symbols with upward f l a g s )  
do not  a y ~ l ~ e s s  t o  a f f e c t  the  aerodyiianic-center l o c a t i o n ,  
since o n l y  one of  the  po in t s  which ind fca t e  a high 
ReynolJs nimber i s  an appreciable d i s t ance  f rom t h e  l i n e  
of ap?eei.ient and thfit one poin t  E 3  accompanied by a point  
which indfca tes  a 10 f o r  t h e  same a i r f o i l .  

Fixfng t r a n s i t i o n  near t h o  a i r f o i l  leading edge 

-~ 
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For a complete z i rp l ane  inode1 r e c e n t l y  t e s t e d  i n  the  
LMAL 7- b y  10-foot tu.np.sl (unpublfsked d a t a ) ,  t h e  wing- 
t ~ a i l i n < - e d g e  angle was increased by about 15' a r d  t h e  
th ickness  a t  0 . 9 ~  was increased about 0 . 0 1 2 ~  when the  
a i r f o j l l  wc?s modified froin t he  bas ic  cusped contour t o  a 
s l i ,+ t lg  bulged contour.  This change i n  t r a i l i n g  edge 
would move the  aerodynamic center  of t h e  wing forward by 

I about 2- percent of the wing chord, which for t h i s  model 
2 

mould r e s u l t  i n  a t a i l  losd  of about twice the  est imated 
t a i l  load i n  a pu l l -out  from a d ive .  
t h i s  Inc rease  I n  t a i l  load was, of course,  a f u n c t i o n  of 
t h e  p a r t f c u l a r  modo1 characte1.i s t i c s  and would not be 
expected t o  apply t o  other  a i rp lane  models. 

-- sur face  d e f l e c t i o n . -  The e f f e c t  of  t r a i l i ng -edge  m o d i f f -  
c a t i o n s  on the  v a r i a t i o n  of pitching-monent c o e f f i c i e n t  
with cont ro l - sur face  d e f l e c t i o n  a t  constant  l i f t  i s  shown 
i n  f i g w e  3 f o r  con t ro l - swfaca  choi.ds of 20, 3 0 ,  and 40 percent of the aCrfo i1  chord, 
edge angle reduced t h e  negative value of the s lope of the 
curve of pitchfng-xoment coe f f i c i en t  p l o t t e d  aga ins t  
control-rurf 'ace def ' lect ion a t  constant l i f t  coe f f f -  
c i e n t  c Sone a d d i t i o n a l  e f f e c t s  of Xeynolds number 
and a i r f o i l  thfckness  un4oubtsdly e x i s t  bu t  the  d a t a  were 
nol; s u f f l c i e n t  t o  allow an  eva lua t ion  of these  e f f e c t s .  

The magnitude of 

Var ia t ion  o f  pitchfng-moment ----.- c o e f f i c i e n t  w i t h  con t ro l -  

fncreas ing  t h e  t r a i l i n g -  

" 6 .  I 

A comparison of  t he  d a t a  from f i g u r e  3 with t h a t  

by 20  t o  30  percent of the  value for a p l a i n  

from f i g u r e  l ( a )  of re fe rence  6 i n d i c a t e s  t h a t  a change 
of 10' i n  the  t r a i l i ng -edge  angle w i l l  change t h e  value 
o f  c qj 
NACA OCO9 a i r . fo i1  sec t ion .  Inaenuch a s  t h e  l o s s  of 
l a t e r a l  c o n t r o l  f o r  constant  a i l e r o n  d e f l e c t i o n  a t  high 
speeds i s  p r imar i ly  caused by wing t w i s t ,  which i n  t u r n  

"6 i s  approximately propor t iona l  t o  the value of c 

cons tan t  l i f t ,  changes i n  the  t ra i l ing-edge  angle  can be 
seen t o  have an appreciable  e f f e c t  on the l a t e r a l  c o n t r o l  
a v a i l a b l e  a t  high speeds.  

a t  

A s  8 check on the preceding analysis, f l i g h t - t e s t  
measmenents of t h e  r o l l i n g  e f fec t iveness  of  cusped and 
of bevslcd a i l e r o n s  were compared t o  determine the e f f e c t  
of t h e  b c v s l  on t h e  r a t e  a t  which wing t w i s t  reduced t h e  
e f f e c t i v e n e s s  a t  speeds. The e f f e c t i v e n e s s  d a t a  
were taken  from reference 9 and from un2ublished f l i g h t  
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d a t a  f o r  t h e  same a i r p l a n e  and a r e  presented i n  f fgu re  4 
a:: curvss of p l o t t e d  aga ins t  dynamic p r e s s w e .  

f o r  t h e  cueped a i l e r o n  was estimated 
cm6 

The value of 

f rom u q u b l i s h e d  data, and the fncreEent due t o  t h e  beve l  
was c3tcfned from f igu re  3 (a ) .  A t  i nd ica t ed  a i r speeds  
above 300 r i l e s  per hour ,  t he  neasured r a t e  of l o s s  of 

bevcled Lcfleron was 71 percent  o f  t ha t  f c r  t h e  cusped 
ailcro:?, and t he  r a t e  of loss of 3 f f ec t ivenass  f o r  t h e  
bevcled a i l e r o n  obtained by w i n g  only  t h e  r a t i o  of t he  
e e t  i ~ a - t e d  vslv.es f o r  the  two a i le ror , s  ane neg iec t ing  

Mach nuriber e f f e c t s  was 64 percent of  t h a t  f o r  t he  cusixd 
a i l e r o n .  

cu16 

RnalSsis cf a v s i l a b i e  da t a  on t h e  e f f e c t s  o f  t r a i l i n g -  
edge mouifications cn the pitck!inz-rr,omeiit c h a r a c t e r i s t f c s  
of  a f r f o i l s  h d i c a t e s  the following conclusions: 

1. The airfoil aerodynamic center  moves forward as 
the  trailing-edp angle i s  incrleased and a s  t h e  a i r f o i l  
thickness  a t  0.9 chord i s  increased.  

2. The v a r i a t i o n  o f  pitching-mcment c o e f f i c i e n t  
w i t h  cont ro l - smface  d e f l e c t i o n  a t  cons tan t  l i f t  c o e f f i -  
c l e n t  decreases as the  t r a i l i ng -edge  a q l e  i s  increased .  

3. F fx iug  t r a n s i t i o n  near t h e  a i r f o i l  loading edge 
a q e a r z d  t o  i n t e n s f f y  the  tendency of‘ t r a i l i ng -edge  
modif icat ions t o  MO-L~? the aerodynamic c e n t e r .  

h. Chanps  i n  Reynolds nxmher do  not appear t o  
change the e r f e c t s  of t r a i l i ng -edge  modi f ica t ions  on the  
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pitchinz-moment cha rac t e r f s t f c s  when the trailing-edge 
angle ad. thickness pear the airfoil t r a l . l i n g  edge are 
used a s  parameters. 

Langley Vemorial Aeronsutfcal  Laboratory 
Nat I ona 1 AdvS s o r  y Corn1 t tee  for Asr onaii t  i.c s 

Langley F i e l d ,  V a .  

c 
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Fig. 2 

Airroil o r p  

a U C A  0009 . 20 
0 NACA 0009 . 30 
D HACA 0009 0 4 0  
O NACA 66 215)-014 030 
9 HACA 661215 30 P N A C A  66(2l5 a = 0.6 .15 

A BACA 0009 0.30 

X H A C A  66(215)-216, a = 0.6 .20 
bHACA 66(215)-216, a 0.6 .20 
vHACA 46(215)-216, a J 0.6 .20 
bNACA 66(2l5)-216, a = 0.6 .SO 
MACA 653-418 e- 

ABACA 655-418 c- 

Rei ere no e 
1 
2 
2 
2 
3 
3 
4 
4 
5 

Unpubliehed 
Unpublished 
Unpublished 
Unpubli eh ed 

R. Leading edge 
3.8 x lo6 h o o t h  
2.4 Smooth 
2.4 Smooth 
2.4 Smooth 
2. 8 smooth 
2.0 Rough 
9.2 &no 0th 
9.2 Bmooth 
9.2 Smooth 
3. a moo th 
a. 5 smooth 

0 7 5  Smooth 
0 7 5  Traneltlon rim 

a t  0.100 

UW~ 2.- Compsrieon of measured inorementr or elope or piWh&ig-moment 
-0 (%I6 ritb inoremente oomputd *om the ~ e r i g n  ohart of rigwIe L 
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